Abstract. Over the last decade in Japan, laparoscopic cholecystectomy (LC) has replaced traditional open cholecystectomy as the standard of elective surgery for cholelithiasis. The laparoscopic approach has a clinical course relatively easier to standardize among the different types of intraabdominal surgery. However, significant practice variation is suspected in Japan, but there has been little demonstration or discussion based on empirical data. Through the analysis of 1589 elective LC cases from four leading teaching hospitals in Japan between 1996 and 2000, this study aims to demonstrate the surgical variations and to investigate their determinants regarding the length of hospital stay and the health care charge. Substantially and significantly large variation existed among the hospitals in terms of the length of hospital stay and the total health care charge, even after the differences in patient factors were adjusted. Particularly, the combined drug and exam charge per day was strikingly different among the four hospitals, which indicated that the daily process also varied widely, as did the total course of inpatient care. In addition, intra-hospital variation was also remained very large even after adjusting for all the potential correlates studied. This study alarmingly points out great room for improvement in the efficiency of health care resource use and potentially in the quality of care through standardization of LC. It has serious implications for the national policy and individual providers under the on-going health care reforms directed toward higher efficiency and quality.
Though some articles have reported that Mouret et al. performed the worldÕs first laparoscopic cholecystectomy (LC) [1] , the earliest LC was actually performed by Muhe in 1986 [2] . Since then, this surgical procedure has been rapidly adopted all over the world. In Japan, Yamakawa et al. performed the first LC in May 1990 [3] . Subsequently, LC became popular in Japan as a surgical procedure for elective cholelithiasis.
The brief history of advances in surgery for cholelithiasis in Japan can be divided into three phases. The first phase, ending in 1990, was concerned with traditional open cholecystectomy (OC). The decade that followed was a transition period from OC to LC. In April 1992, LC was added to the social insurance medical fee schedule. The third, and current phase, represents the establishment period of LC as a common surgery for cholelithiasis. LC has been adopted on a wide scale because it is less invasive and more cost effective than OC [4] . Many surgeons and hospitals now consider LC the standard for both elective and urgent surgical cases [5] .
Compared with OC, the typical length of hospital stay (LOS) and total charges during hospitalization for LC are lower because patients are able to make a more rapid recovery after surgery [6] . Though few practice guidelines or treatment manuals have been published in Japan, LC for cholelithiasis is better standardized than most procedures. Nevertheless, LOS for LC in Japan is still longer than in other developed countries.
Total charges during hospitalization are calculated on a fee-forservice basis according to a fee schedule mandated by the Health Ministry. Though the fee schedule is not strictly based on cost valuation, charges are roughly equivalent to total costs during hospitalization. The official fee schedule sets the operation charge for LC higher than that of OC to reflect surgical difficulty. As a result, when surgeons choose to perform LC, they are affectively trading higher charges for shorter LOS, as compared with OC.
The Health Ministry has taken active steps toward reducing LOS. A system of diminishing returns was introduced whereby admission charges are reimbursed at a lower rate for hospitalization with excessively long LOS. This diminishing system and higher pricing for LC gives providers an incentive to favor LC over OC elective cases.
Even under these conditions, total charges during hospitalization for LC vary widely. The existing literature attributes practice variation in some surgical treatments to a wide variety of factors: geography, physician discretion, competing surgical procedures, and international differences [7, 8] . Few Japanese reports have noted these practice variations of LC in Japanese health care delivery. Though practice variation is inevitable, it is undesirable for variation to be dominated by institutional factors.
With data gathered from four geographically disparate teaching hospitals, this study seeks to investigate the total course as well as the daily process of the Japanese health care by identifying clinical and socioeconomic factors contributing to variations in the practice of LC as a surgical standard for cholelithiasis in Japan, and to examine the efficiency of health care resource use and the potential for improving quality through standardization of care process. It is our hope that a review of various clinical outcomes and socioeconomic factors will ultimately improve the quality and safety of Japanese health care by promoting the standardization of clinical medicine.
Patients and Methods

Patients
This study was approved by the Institutional Review Board of the Faculty of Medicine, at the Graduate School of Medicine of Kyoto University. We used a database from the Voluntary Hospital of Japan Quality Indicator Project (VHJ-QIP), which includes data from ten leading private teaching hospitals in Japan. These hospitals are located in Hokkaido (in the north), throughout Honshu (the main island of Japan), and in Kyusyu (in the south). The database represented all cases discharged from these hospitals since 1995.
In this study, we selected four of the ten hospitals where LC for cholelithiasis was performed between January 1996 and December 2000. All four hospitals provide community residents with primary and tertiary care in both inpatient and outpatient settings. The mean number of general type beds and surgical department beds in these four hospitals were 652 (range: 524-784) and 80.5 (range: 55-129), respectively, in 2000, and the mean number of surgeons was 11 (range: 7-14) in 2001. Each of the hospitals participating in this project has similar characteristics in that they are all teaching and community hospitals.
Subjects for this study were filtered based on International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) procedure codes. We selected cases with elective LC (ICD-9-CM code 51.22) or OC (ICD-9-CM code 51.23) from surgical cases with an ICD-9-CM diagnosis code of 21.15, which stands for ''benign neoplasm of liver and 20 biliary passage,'' or an ICD-9-CM diagnosis code between 57.40 and 57.70, which stands for ''diseases of gall bladder, biliary tract, and pancreas.''
Definition of Variables
Clinical indicators used in this study include age, gender, hospital, length of hospital stay (LOS), preoperative physical status (ASA-PS), and comorbidity condition. Economic indicators included total health care charges (THC), and a combination of drug and examination charges (DEC).
To evaluate a patientÕs preoperative condition, we used the preoperative physical status developed by the American Society of Anesthesiologists (ASA) [9] . The ASA-PS score is expressed as 1, 2, 3, 4, or 5, which represent good condition to serious condition in numeric order.
To assess a patientÕs comorbidity status, we used an adaptation of the Charlson comorbidity index [10, 11] . A patient was identified as having comorbidity if he/she had any of nine diseases coded in his/her diagnosis. The Charlson index score was then dichotomized as either having one or more comorbidity conditions or no comorbidity.
The THC was calculated by summing charges billed during hospitalization (1US$ = 120 Japanese Yen; JY) on a very detailed fee-for-service basis according to the social insurance medical fee schedule, which is uniform all over Japan. As a result, the charges are considered as very good estimates of the costs of health care.
Generally, THC consists often main items: first consultation charge, prescription charge, injection charge, treatment charge, operation charge, anesthesia charge, laboratory examination charge, diagnostic imaging charge, admission charge, and another generic charge covering hospital care and incidental expenses.
Under JapanÕs health insurance system, physicianÕs fees are not identified as a separate line item in the social insurance medical fee schedule. Instead, the Health Ministry groups all hospital employee labor fees into a single category. Though the law has strictly regulated these charges since the initiation of the medical fee schedule in 1961, prices have never been set on the basis of cost valuation [12] .
In this study, we used two additional variables: the drug and examination charge (DEC) and DEC per day. The DEC was calculated by adding up prescription, injection, laboratory examination, and diagnostic imaging charges. The DEC per day was calculated by dividing DEC by LOS. To more closely examine the relationship between hospitals and total health care charges, we employed the following strategies:(1) we reduced the influence of LOS by dividing charges associated with hospitalization by LOS; (2) we excluded admission fees, which are fixed per day, and operation fees, which vary little among hospitals. Applying these rules, we derived a new variable, which we call drug and examination charges (DEC) per day. In the following analysis, we review how this new variable is influenced by differences between hospitals.
During a 5-year period, the hospitals we selected had a total of 1589 elective surgical cases with LC, excluding one death and eight urgent cases from all of the surgical cases with LC, and 576 elective surgical cases with OC, excluding six deaths and 19 urgent cases from all of the surgical cases with OC. Thus, a total of 2165 patients who 20 underwent cholecystectomy were analyzed in this study.
Statistical Methods
We used the software package SPSS (version 11.0 for Windows: SPSS Inc. Chicago, IL) for statistical analysis. Continuous variables were analyzed by the Mann Whitney test, and discrete variables were analyzed by the chi-squared test. An association between the use of LC and independent variables was described by an odds-ratio (OR) and a 95% confidence interval (CI) in logistic regression analysis. The LOS was used as a dependent variable, with age, gender, comorbidity condition, ASA-PS, and three dummy variables for the four hospitals as independent variables in hierarchical multiple regression analysis. The THC was also used as an independent variable in the analysis. The LOS, age, gender, comorbidity condition, ASA-PS, and three dummy variables for the four hospitals were also used as independent variables in the hierarchical multiple regression analysis for total health care charges (THC). For variance among hospitals in LOS, THC, and DEC per day, we made comparisons between the R 2 s of each model. All reported p values were two-tailed, and the level of significance was p < 0.05. Table 1 shows the number of all elective surgical cases with cholecystectomy and those with LC and OC, by hospital. Hospital A had the most, with 742 LC cases, and Hospital B had the fewest, with 130 LC cases. Again, Hospital A had the highest proportion of LC to total cholecystectomy (742/810; 91.6%) within these hospitals and Hospital B had the lowest (130/378; 34.4%). The trend varied by hospital, but with the exception of the year 2000, the overall number of LCs performed increased year by year. Table 1 also presents the mean S.D. of age, LOS, preoperative and postoperative days, and THC. As mentioned before, health care charges are good estimates of costs in the Japanese health insurance system. Additionally, it reveals comorbidity condition and preoperative physical status (ASA-PS). The mean age of patients receiving LC and OC was 54.7 13.5 and 62.7 13.5 years, respectively. The mean LOS, preoperative and postoperative days (hospital stay before and after surgery) for LC and OC patients were 16.5 12.6 and 32.2 20.4 days, 9.2 10.5 and 18.1 12.4, and 6.4 6.2 and 13.5 14.3 days, respectively, and the mean THC was 6683 3395 and 9557 5914 US$, respectively.
Results
There were significant differences between and within the four hospitals in terms of LOS (p < 0.001), preoperative and postoperative days (p < 0.001), and DEC (p < 0.001), although the data were not described in the text. Preoperative days varied by hospital and contributed to differences in LOS. Though it was not statistically significant, DEC varied by hospital and contributed to variation in THC (p = 0.103). Table 2 presents the results of the logistic regression analysis to identify factors associated with the choice of LC among all surgical cases with cholecystectomy at these four hospitals. The analysis revealed that patients who were female (p < 0.001) and admitted to any of the four hospitals between 1998 and 2000 (p < 0.001), and who had preoperative status of ASA-PS 1 (p = 0.019), were significantly more likely to have an LC procedure. Comparison between the hospitals shows that patients who were admitted to Hospital D were significantly more likely to have an LC procedure than those admitted to Hospital A (p = 0.003). On the other hand, patients who were admitted to Hospital B and C were significantly less likely to have an LC procedure (p < 0.001). Tables 3, 4 , and 5 present an exploration of factors associated with LOS, THC, and DEC per day. We can see how the characteristics of hospitals influence LOS by excluding Model 1 from Model 2 (Table 3) , and THC by excluding Model 4 from Model 5 ( Table 4) . We can also see how patientsÕ characteristics influence THC by examining Model 3 (Table 4 ) and how LOS influence THC by excluding Model 3 from Model 4 (Table 4) . Further, by excluding Model 6 from Model 7, we can see how the characteristics of hospitals influence DEC per day (Table 5) .
Excluding characteristics of hospitals, Model 1 indicates that age (p < 0.001), gender (p < 0.003), and comorbidity condition (p < 0.001) are significant factors contributing to LOS. The increment between the R 2 1 (0.080) of Model 1, which excluded the characteristics of hospitals, and the R 2 2 (0.108) of Model 2, which included the characteristics of hospitals, was 0.028 (p < 0.001). This suggests that LOS is significantly associated with the characteristics of hospitals excluding the influence of the patientsÕ characteristics factor. The difference between the R 2 1 and the R 2 2 reveals the influence of hospitals, excluding the influence of patients in Model 1. That is, long LOS is explained by the increment between these two statistics.
The unexplained variance in Model 2 was 0.892 (1.000-0.108). This factor demonstrates a large remainder, which is not explained by the characteristics of patients and hospitals. Finally, the difference between hospitals was substantial, because it accounted for about one quarter (0.028/0.108) of the explained R 2 2 (0.108). On the other hand, Table 4 shows that THC was significantly associated with LOS, because the increment between the R 2 3 We also explored what factors were associated with DEC per day, which was calculated by summing charges for prescriptions, injections, laboratory examinations, and diagnostic imaging, and dividing by LOS. As presented in Table 5 , DEC per day was not associated with age, gender, or ASA-PS, although there was a small but significant association with comorbidity condition (p = 0.046). The increment between the R 2 6 (0.005) of Model 6, which included patientsÕ characteristics only, and the R 2 7 (0.192) of Model 7, which included both patientsÕ and hospitalsÕ characteristics, was 0.187 (p < 0.001). Therefore, DEC per day had a large and statistically significant association with the characteristics of hospitals.
The results of this analysis show that THC is heavily influenced by the patientsÕ characteristics and LOS, and somewhat influenced by the hospitalsÕ characteristics. The LOS in turn is associated with the patientsÕ characteristics. The influence of the hospital on THC was hidden by the influence of LOS. Finally, the unexplained variance in Model 5 (0.35 = 1.000-0.649) may be a large remainder caused by variation in the practice of LC.
Discussion
This study observed that the LOS and THC for LC across all elective surgical patients in the study were 16.5 12.6 days and 6683 3395 US$, respectively, shorter and lower than those of OC, which were 32.2 20.4 days and 9557 5913 US$, respectively. The mean THC for LC varied between the four hospitals from 6070 to 9031US$ and the mean LOS varied between 15.5 and 23.7 days.
In a recent Japanese study designed to investigate costs of surgery for cholelithiasis, the mean LOS for LC was found to vary between 6.6 and 29.3 days among 11 large Japanese teaching hospitals, including nine university hospitals, one communitybased hospital, and one company-based hospital, with 837 general type beds (range: 353-1479). In the same study, the mean THC for LC was 6187 2539 US$ [13] . In a separate study, the first author of this study demonstrated a mean THC and LOS of 5170 US$ and 10.9 days for patients without comorbidity, and 7488 US$ and 20.5 days for patients with comorbidity, respectively, at a local, privately owned, mid-scale, teaching hospital in Japan. The LOS and THC reported in this study therefore were not especially long or expensive.
Though the WHO gave Japan top marks for overall health system attainment, compared with other developed countries, LOS in Japan is unusually long [14] .
According to Jonsson and ZethraeusÕs documentation review [15] , a mean LOS for LC is 1.6 days in the U.S. in 1992, and 4.8 days in the U.K. in 1994. Moreover, an LOS for LC of 5.1 days was reported in a study involving three countries: Germany, France, and the UK.
In terms of cost, research from other developed countries reports lower costs for LC. For example, in the US, the costs of LC varied between 4693 and 6471 US$. The costs in Belgium and the UK were about 2035 and 3500 US$, respectively. When JapanÕs unusually long LOS for LC is taken into account, hospital charges for LC may be comparable, or even lower, than in other developed countries. Although the LOS in the United States was about one third that in Japan, the average of total charges during hospitalization in the United States was about 2.2 times higher than that in Japan [16] .
In this study, we observed that length of hospital stay (LOS) increased as hospital stay before LC increased, that total health care charges (THC) increased as LOS increased, and that a The results of this logistic regression analysis clearly illustrate the factors associated with the choice of LC. Although the four hospitals in this study were similar in terms of location and function, odds ratios for the choice of LC varied between 0.04 at Hospital B and 2.30 of Hospital D. Given the similarities between the four hospitals we would have expected odds ratios to be more uniform.
Most of the surgeons practicing at the four hospitals that participated in this study have been performing LC according to clinical pathways adopted by each hospital. The ratio of LC to OC therefore does not vary widely between the four study hospitals.
Hierarchical multiple regression revealed that the large variation in LOS for LC is better explained by patient factors (R In short, LOS and total charges varied greatly, even after adjusting patient factors, and DEC per day, a measure that is closely related to practice patterns, was observed to vary widely both within and between the four hospitals. We may conclude that treatment for LC was not standardized and that length of stay was driven by social factors other than the patientsÕ clinical characteristics.
From the socioeconomic viewpoint it is important for health care professionals to consider why this kind of practice variation occurs. However, previous to this study, few published reports examined the relationship between LOS, charges, and socioeconomic factors. From the patientÕs perspective, socioeconomic factors contributing to LOS and total charges can include the following: (1) social insurance beneficiaries (patients) are responsible for co-payments that amount to only 30% of their total health care charges [17] ; (2) patients typically expect to stay in the hospital until their injuries are completely healed [18] ; (3) popular belief in numerology leads patients to request discharge on a ''good day'' [16] ; (4) patients who have private supplemental health insurance are likely to receive larger reimbursements for longer hospital stays.
Another factor that contributes directly to overall LOS and DEC per day is preoperative length of stay. At Hospital B for example, as not shown in the text, preoperative days were 9.2 10.5 and total LOS was 17.4 9.3. The LOS increased as preoperative days increased. In Japan, laboratory tests and diagnostic imaging before surgery are often performed in an inpatient care setting. As another common practice, antibiotic treatment of cholecystitis is sometimes continued for a few days in an in-patient care setting before the surgery is performed. Both practices contributed to longer preoperative hospitalization and overall LOS.
A lack of clinical guidelines for LC contributes to the strength of hospital factors as determinants of the observed variation. In addition, under a fee-for-service payment system, with a fee schedule that does not include surgeon fees, economic incentives exist to prescribe more drugs and to order more laboratory tests and imaging.
In the Japanese health care payment system, the concept of ''physician fees'' does not exist. Physician-related expenses are supposedly amortized across various fee categories such as procedure, laboratory tests, diagnostic imaging, hospitalization, and so on. Regarding in-patient care, the health insurance system reimburses hospitals, not physicians. Physicians are salaried and employed by hospitals. In fact, physicians may be censured for billing patients directly for their services. By law, patients are required to cover their fair share of medical services, but only as defined by the medical fee schedule.
Moreover, variations in claims review processes between prefectures and a lack of claims review standards and reviewer selection criteria also contribute to the observed variation in Table 3 . Factors associated with length of hospital stay for laparoscopic cholecystectomy at four hospitals-Hierarchical multiple regression analysis. total charges and DEC per day. However, these socioeconomic factors are complex, and we were unable to determine the extent to which each of these factors influenced the participant hospitals.
Judging from the variation of LOS and total charges within and between the subject hospitals, under the Japanese universal health care system on a fee-for-service basis, both the daily health care process and the total course of health care seem to vary widely within and among hospitals. For patients receiving with health care, health care should not be originally influenced by patient preference and provider practice patterns. When health care is not being provided fairly and equally, the health care system has to lead health care in the right direction through the standardization.
We propose several measures to manage the variations in LOS, total charges, and combined drug and examination charges observed in this study. One important measure is to standardize treatments and diagnostic examinations for LC on the basis of evidence.
Relevant surgical associations or the government must develop guidelines for LC that cover laboratory tests, diagnostic imaging, procedures, and clinical pathways. To establish a standard for LC, it is desirable to gather data that provide evidence of clinical effectiveness and efficiency.
It is also important to consider the scheme of economic incentives. In April 2002, the Health Ministry initiated a new per diem reimbursement system based on case mix classification, similar to the DRG-PPS in the United States. The goal of this system was to achieve reduction in in-patient expenditures and length of hospital stay through a shift in emphasis from in-patient case to out-patient care [19] .
In addition, the establishment of the standard training, evaluation, and credentialling system for surgeons performing LC could have great potential for standardization of care. This kind of credential movement will be facilitated particularly when physician fees based on their expertise are assured in a future reimbursement system.
In the current atmosphere of change under health care reforms, potential measures for standardization like the above can be considered to be feasible and promising. In the process of standardization, analysis based on actual data, as provided by our study, will play an important role in evaluation and planning for a new system of higher quality health care and greater efficiency.
Conclusions
After controlling for patient factors at the four participant hospitals, substantial variation in the length of hospital stay and charges associated with elective laparoscopic cholecystectomy remained. Combined drug and examination charges per day were strongly dependent on the hospital, which implies that the process of care also varied widely. Intra-hospital variation was also found to be very large.
This study demonstrates that a tremendous opportunity exists to improve the quality and efficiency of health care delivery in Japan through standardization of treatment. The results of this study have serious implications for national policy and for indi- vidual providers engaged in the on-going process of health care reforms. 
